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© Coordinate input system with Input pen. 



A coordinate input system has a tablet (10) 
^composed of an X-direction loop coil assembly and 
rsa Y-direction loop coil assembly, and an input pen 
0(20) having a tuning circuit (29) the tuning frequency 
^of which is variable about a predetermined frequen- 
^cy. The system has a coordinate detecting function 
for detecting the X- and Y-coordinate values of posi- 
tion input by the input pen.and a phase detecting 
function for detecting the change in the tuning fre- 
j^quency of the tuning circuit as a change in the 
UJ phase with respect to the phase of the predeter- 
mined tuning frequency. Information concerning the 
detected coordinate point, e.g., spread of the coordi- 



n 



nate point proportional to the pressure at which the 
pen is pressed onto the tablet, is computed in accor- 
dance with the amount of change in the phase 
detected by the phase detecting function. 
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COORDINATE INPUT SYSTEM AND INPUT PEN USED IN THE SYSTEM 



The present invention relates to a coordinate 
input system and, more particularly, to a coordinate 
input system which is capable of providing various 
types of information such as information for varying 
the size of a coordinate point in accordance with 
the level of the force applied to an input pen, i.e., 
the pressure of contact between the input pen and 
a tablet The invention also is concerned with an 
input pen suitable for use in this system. 

A conventional coordinate input system of the 
type described has a pressure sensor provided on 
the input pen or a multiplicity of pressure sensor 
elements dispersed on the entire area of the input 
region of a tablet The pressure sensor is capable 
of sensing and detecting the "stylus pressure", i.e., 
the pressure at which the input pen contacts the 
tablet, and varies the size of the coordinate point is 
varied in accordance with the pressure detected. 

The arrangement having a multiplicity of pres- 
sure sensor elements encounters a difficulty in 
obtaining and maintaining uniform pressure sensing 
characteristics over the entire area of the input 
region, with the result that the contact pressure of 
the input cannot be uniformly and correctly de- 
tected over the entire area of the input region of 
the tablet The arrangement which relies upon the 
pressure sensor provided on the input pen requires 
a cable or other suitable means for picking up the 
pressure sensing information from the input pen, 
resulting in an inferior maneuverability of the input 
pen during inputting. 

Accordingly, an object of the present invention 
is to provide a coordinate input system which does 
not necessitate any cable or other means to be 
connected to the input pen and which is capable of 
providing various types of information such as in- 
formation for accurately varying the size of the 
coordinate point in accordance with the contact 
pressure of the input pen. 

To this end, according to a first aspect of the 
present invention, there is provided a coordinate 
Input system comprising: a tablet composed of an 
X-direction loop coil assembly having a multiplicity 
of loop coils arranged in a side-by-side fashion in 
the X-direction, and a Y-direction loop coil assem- 
bly having a multiplicity of loop coils arranged in a 
side-by-side fashion in the Y-direction; an input pen 
having a tuning circuit including at least a coil and 
a capacitor, said input pen being designed such 
that the tuning frequency of said tuning circuit is 
varied around a predetermined central frequency in 
accordance with the pressure with which the input 
pen contacts the tablet; X-direction selection 
means .for selecting one of the loop coils of said X- 



direction loop coil assembly; Y-direction selection 
means for selecting one of the loop coils of said X- 
direction loop coil assembly; signal generating 
means for generating an A.C. signal of a frequency 

5 equal to said predetermined frequency; signal de- 
tection means for detecting the A.C. signal of said 
predetermined frequency; connection change-over 
means for alternately connecting said signal gen- 
erating means and said signal detection means 

70 successively to said loop coils of X- and Y-direc- 
tion loop coil assemblies selected by said X- and 
Y-direction selection means; coordinate detection 
means for determining the X- and Y-coordinate 
values of the point designated by said input pen in 

75 accordance with the A.C. signals detected from 
said X- and Y-direction loop coils by said signal 
detection means; phase detection means for de- 
tecting, as a change in the phase with respect to 
the phase of the tuning frequency, the change in 

20 the tuning frequency of said tuning circuit of said 
input pen in accordance with the A.C. signals de- 
tected by said signal detection means; and in- 
formation computing means for computing informa- 
tion such as information concerning the spread of 

25 the coordinate point proportional to the pressure of 
the input pen. 

In operation, the signal generating means is 
connected to one of the loop coils of the X-direc- 
tion loop coil assembly of the tablet through the 

so connection change-over means so that an A.C. 
signal of a predetermined frequency .is applied to 
the selected loop coil. In consequence, an electric 
wave is generated by the selected loop coil and 
the thus generated wave excites the coil of the 

35 tuning circuit in the input pen so as to induce a 
voltage of a predetermined frequency in the tuning 
circuit. 

Thereafter, the connection change-over means 
disconnects the signal generating means from the 

40 selected loop coil and, instead, the signal detection 
means is connected to the loop coil. In this state, 
the loop coil does not produce any electric wave 
but the coil of the tuning circuit generates an 
electric wave in accordance with the voltage in- 

45 duced in the tuning circuit. The thus generated 
electric wave excites the loop coil so as to gen- 
erate an AC. signal, i.e., an induction voltage, in 
the loop coil. 

The transmission and receiving of the electric 

so wave explained above are performed on all the 
loop coils of the X-direction loop coil assembly and 
the Y-direction loop coil assembly by the X- and Y- 
direction selection means and connection change- 
over means, and the induction voltages are de- 
tected by the signal detection means. The voltage 
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values of the induction voltages depend on the 
distances between the respective loop coils and 
the coil of the tuning circuit, i.e.. the distances 
between the respective loop coils and the input 
pen. It is therefore possible to determine the X- 
and Y-coordinate vaiues of a point designated by 
the input pen, on the basis of the voltage values of 
the induced voltages. 

The induced voltage has a frequency offset 
and a phase offset which correspond to the pres- 
sure with which the input pen is pressed onto the 
tablet. The phase offset is detected by the phase 
detection means and the thus detected phase off- 
set is delivered to the information computing 
means which computes information such as in- 
formation concerning the spread of the point pro- 
portional to the pen pressure. 

Thus, the coordinate input system according to 
the first aspect of the present invention enables to 
vary the size of the coordinate point simply by 
varying the pressure with which the pen is pressed 
against the tablet. It is therefore possible to write, 
for example, letters having varying line portions by 
manipulating the input pen with varying pressure in 
the same manner as an ordinary pen. In addition, 
since the pen pressure is detected through the 
detection of a change in the tuning frequency of a 
tuning circuit, it is not necessary to employ a 
multiplicity of pressure sensing elements dispersed 
over the entire area of the input region of the tablet 
and, in addition, the size of the coordinate point, 
i.e., the spread of the point, can be exactly 
changed anywhere in the input region on the tablet 
in accordance with the pressure with which the 
input pen is pressed against the tablet. The tuning 
circuit in the input pen is composed mainly of a 
coil and a capacitor, so that any cable to be 
connected to the input pen, as well as heavy parts 
such as batteries and magnets on the input pen, 
can be dispensed with, thus ensuring good maneu- 
verability of the input pen. In addition, it is possible 
to design the tablet to have a greater, size by virtue 
of the fact that it need not have any means for 
detecting the contact pressure. Furthermore, the 
precision of detection of the coordinate values can 
be improved by enhancing the accuracy of the 
arithmetic operation which is conducted on the 
induction voltage by the computing means. 

A second object of the present invention is to 
provide an input pen for use in a coordinate input 
system, capable of providing information exactly 
corresponding to the pen contact pressure without 
requiring any cable or the like means connected 
thereto. 

To this end, according to a second aspect of 
the invention, there is provided an input pen for a 
coordinate input system, comprising: a stem; a 
core received in said stem and slightly displace- 



able and resettable in the axial direction of said 
stem; a coil movably receiving said core; a capaci- 
tor connected to said coil; and a ferrite tip provided 
on a portion of said core corresponding to an end 

5 of said coil. 

In use, the user writes letters or other informa- 
tion on the tablet of a coordinate input system 
while pressing the input pen with varying pressure 
against the tablet. In consequence, the core is 

w axiaily displaced in accordance with the pressure 
with the result that the magnetic permeability and, 
hence, the inductance of the coil are varied in 
accordance with the displacement of the core. In 
consequence, the tuning frequency of the tuning 

75 circuit, composed of the coil and the capacitor, is 
slightly changed to cause a change in the phase 
and frequency of the voltage which is induced in 
response to the electric wave transmitted from the 
coordinate input system. The change in the phase 

20 and frequency of the induction voltage causes 
changes in the phase and frequency of the electric 
wave which is produced by the coil of the tuning 
circuit and such changes are received and pro- 
cessed on the coordinate input system whereby 

25 information concerning the displacement of the 
core, i.e., the pressure at which the input pen is 
pressed against the tablet, can be detected on the 
coordinate input system. 

Thus, in the second aspect of the present 

30 invention, the tuning frequency of the tuning circuit 
of the input pen, constituted by a coil and a capaci- 
tor, is changed as a result of a change in the 
inductance of the coil which in turn is caused by an 
axial displacement of the core. This input pen can 

35 conveniently be used in a coordinate input system 
in which a position is detected through transmis- 
sion and receiving of electric wave from and by a 
tablet, while making it possible to pick-up the 
change in the tuning frequency, i.e., information 

40 concerning the pressure with which the input pen is 
held in contact with the tablet. In addition, it is 
possible to eliminate necessity for a cable or the 
like means which would electrically connect the 
input pen to the stationary part of the coordinate 

45 input system such as tablet. The change in the 
tuning frequency relies solely upon the displace- 
ment of the core, so that information corresponding 
to the pen contact pressure can be obtained equal- 
ly accurately over the entire area of the input 

50 region of the tablet. Furthermore, the input pen of 
the invention can be handled easily and in a good 
manner partly because the pen is composed of 
light parts such as the coil, capacitor, ferrite tip and 
so forth, and partly because the cable or the like 

55 means to be connected to the input pen can be 
eliminated. 

A third object of the present invention is to 
provide an input pen for a coordinate input system 
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which can provide an accurate information concern- 
ing the pen contact pressure without requiring any 
cable to be connected thereto and which can pro- 
vide a greater range of phase change. 

To this end, according to still another aspect of 
the present invention, there is provided an input 
pen for a coordinate input system, comprising: a 
stem; a core received in said stem and slightly 
displaceable and resettabie in the axial direction of 
said stem; a coil movably receiving said core; a 
capacitor connected to said coil; and ferrite tips 
provided on portions of said core corresponding to 
both ends of said coil. 

In use, the user writes letters or other informa- 
tion on the tablet of a coordinate input system 
while pressing the input pen with varying pressure 
against the tablet. In consequence, the core is 
axially displaced in accordance with the pressure 
with the result that ferrite tips are displaced at both 
ends of the coil. In consequence, the magnetic 
permeability and, hence, the inductance of the coii 
are varied in accordance with the displacement of 
the core. As a result, the tuning frequency of the 
tuning circuit, composed of the coil and the capaci- 
tor, is slightly changed to cause a change in the 
phase and frequency of the voltage which is in- 
duced in response to the electric wave transmitted 
from the coordinate input system. The change in 
the phase and frequency of the induction voltage 
causes changes in the phase and frequency of the 
electric wave which is produced by the coil of the 
tuning circuit and such changes are received and 
processed on the coordinate input system whereby 
information concerning the displacement of the 
core, i.e., the pressure at which the input pen is 
pressed against the tablet, can be detected on the 
coordinate input system. 

Since a couple of ferrite tips are provided on 
the portions of their core near both ends of the coil, 
it is possible to obtain a greater amount of change 
in the information for a given displacement of the 
core, i.e., for a given amount of change in the 
contact pressure of the input pen, as compared 
with the second aspect of the invention. 

These and other objects, features and advan- 
tages of the present invention will become clear 
from the following description of the preferred em- 
bodiments when the same is read in conjunction 
with the accompanying drawings. 

Fig. 1 is a schematic illustration of an em- 
bodiment of the coordinate input system in accor- 
dance with the present invention; 

Fig. 2 is a detailed illustration of a tablet 
incorporated in the coordinate input system of Rg. 
1, showing the details of the X- and Y-direction 
loop coil assemblies; 

Fig. 3 is a sectional view of an input' pen; 



Rg. 4 is a signal waveform chart showing 
waveforms of various signals obtained at various 
portions of the embodiment shown in Fig. 1; 

Rg. 5 is a flow chart showing flow of the 
5 process performed by the control circuit; 

Figs. 6(a), 6(b) and 6(c) are timing charts 
showing the basic coordinate detecting operation 
performed by the control circuit; 

Rg. 7 is an illustration of voltage detected 
10 from each loop coil in a first cycle of coordinate 
detecting operation; 

Rg. 8 is a timing chart illustrating the coordi- 
nate detecting operation and phase detecting op- 
eration In the second operation cycle onwards; 
75 Rg. 9 is a flow chart showing the process of 

operation performed by a host computer; 

Rg. 10 is an illustration of an image which is 
formed when the input pen is moved while varying 
the contact pressure; 
20 Figs. 11(a) and 11(b) are an illustrations of 

examples of output results; 

Rg. 12 is a sectional view of another em- 
bodiment of an input pen in accordance with the 
present invention; and 
25 Rgs. 13(a) and 13(b) are illustrations of posi- 

tional relationships between the ferrite chip and 
coil. 

Referring to Fig. 1, a coordinate input system 

30 in accordance with the present invention has a 
tablet 10, an Input pen 20, a control circuit 30, a 
signal generating circuit 31, X- and Y-direction se- 
lection circuits 32 and 33, transmission/receiving 
change-over circuits 34 and 35, an X-Y change- 

35 over circuit 36. and a receiving timing change-over 
circuit 37. The transmission/receiving change-over 
circuits 34, 35, X-Y change-over circuit 36 and the 
receiving timing change-over circuit 37 in coopera- 
tion provide a connection change-over means. The 

40 coordinate input system further has a band-pass 
filter (BPF) 38 which serves as a signal detection 
means. The coordinate input system further has a 
detector 39 and a low-pass filter (LPF) which con- 
stitute, together with a control circuit 30 which will 

45 be mentioned later, a coordinate detection means. 
The coordinate input system also has phase detec- 
tors (PSD) 41 and 42 and low-pass filters (LPF) 43, 
44 which cooperate with the later-mentioned con- 
trol circuit 30 in providing a phase detection 

so means. The coordinate input system further has 
various parts including driving circuits 45, 46, am- 
plifiers 47, 48, a host computer 49 which includes a 
later-mentioned spread detection means, a display 
device 50 and an output device 51. 

55 Fig. 2 illustrates details of the X-direction loop 
coil assembly 11 and the Y-direction loop coil 
assembly 12 which in cooperation provide the tab- 
let 10. As will be seen from this Rgure. the X- 
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direction loop coil assembly 11 has a multiplicity 

of, e.g., 48, loop coils 11-1, 11-2 , 11-48 which 

are arranged in an overlapping manner in the X- 
direction in a side-by-side fashion. Similarly, the Y- 
direction loop coil assembly 12 has a multiplicity 

of, e.g., 48, loop coils 12-1, 12-2 12-48 which 

are arranged in an overlapping manner in the Y- 
direction in a side-by-side fashion. The X-direction 
loop coil assembly 11 and the Y-direction loop coil 
assembly 12 are superposed closely one on the 
other, although they are separated in Fig. 2 for the 
purpose of clarification of the drawings. The X- and 
Y-direction loop coll assemblies 11 and 12 thus 
combined are encased by a casing (not shown) 
which is made of a non-metallic material. Although 
each loop coil has only one turn in the illustrated 
embodiment, this Is only illustrative and each loop 
coil may have two or more turns as necessitated. 

Fig. 3 shows the construction of an input pen 
20. As will be seen from this Figure, the input pen 
20 has a stem or a pen holder 21 made from a 
non-metallic material such as a synthetic resin, a 
core 22 provided with a ferrite tip 23 thereon, a coil 
24 wound on a ferrite core 25 having a through- 
hole slidably receiving the core 22, a core holder 
26 holding the rear end of the core 22, a spring 27 
which supports the core holder 26 in such a man- 
ner as to allow a slight displacement of the core 
holder 26 with respect to the pen holder 21, and a 
capacitor 28. 

As shown in Fig. 1, the coil 24 and the capaci- 
tor 28 are connected in series to each other so as 
to form a tuning circuit 29 which is known per se. 
The inductance of the coil 24 and the capacitance 
of the capacitor 28 are so determined that the 
tuning circuit has a tuning or resonance frequency 
which is substantially equal to a predetermined 
frequency fO. The arrangement is such that, when 
the core 22 is held by the core holder 26, the 
ferrite tip 23 on the core is positioned so as to 
confront one end of the coil 24. In operation, the 
user scribes a letter or a drawing by sliding the 
input pen in contact with the tablet 10 while varying 
the contact pressure. During the writing, the core 
22 and. hence, the ferrite tip 23 move with respect 
to the coil 24 so that the inductance of the coil 24 
is changed with the result that the tuning frequency 
of the tuning circuit 29 is slightly changed. 

The operation of this coordinate input system 
will be described with reference to the drawings. 
The description will be first made as to the manner 
in which the electric waves are exchanged between 
the tablet 10 and the pen 20, as well as the signals 
obtained during the exchange of the electric waves, 
with specific reference to Fig. 4. 

The control circuit 30 is constituted by, for 
example, a microprocessor which is known per se. 
and is designed to control a signal generating 



circuit 31. The control circuit 30 also controls the 
change-over between the loop coils of the tablet 10 
through controlling the selection circuits 32 and 33 
in accordance with the flow which is shown by the 

5 flow chart of Fig. 5. The control circuit 30 also 
controls the X-Y change-over circuit 36 and the 
receiving timing change-over circuit 37 so as to 
changeover the direction of detection of coordinate 
position. The control circuit 30 also is capable of 

w conducting analog-to-digital conversion (A/O) of the 
outputs from the low-pass filters 40. 43 and 44. and 
executing an arithmetic operation which will be 
explained later, thereby determining the coordi- 
nates of the point input by the input pen 20. The 

75 control circuit 30 also detects the phase of the 
received signal and delivers the detected phase to 
the host computer 49. 

The selection circuit 32 is designed to succes- 
sively select one of the loop coils of the X-direction 

20 loop coil assembly 11. Similarly, the selection cir- 
cuit 33 is capable of successively selecting one of 
the loop coils of the Y-direction loop coil assembly 
12. These selection circuits 32 and 33 operate in 
accordance with the information given by the con- 

25 trol circuit 30. 

The transmission/receiving change-over circuit 
34 is designed to connect the X-direction loop coil 
selected by the selection circuit 32 alternately to 
the driving circuit 45 and the amplifier circuit 47. 

30 Similarly, the transmission/receiving change-over 
circuit 35 is designed to connect the X-direction 
loop coil selected by the selection circuit 33 al- 
ternately to the driving circuit 46 and the amplifier 
circuit 48. These circuits 34 and 35 operate in 

35 accordance with a later-mentioned 
transmission/receiving change-over signal. 

The signal generating circuit 31 is adapted for 
generating a rectangular wave signal A of a pre- 
determined frequency fO, e.g., 500 kHz. a signal B 

40 which is obtained by delaying the rectangular wave 
signal A by 90*, a transmission/receiving change- 
over signal C of a predetermined frequency, e.g., 
15.625 kHz. and a receiving timing signal D. The 
rectangular wave signal A is directly delivered to 

45 the phase detector 41 and is converted to a sine- 
wave signal E by a low-pass filter which is not 
shown. The sine-wave signal E is delivered to 
either one of the driving circuits 45 and 46 through 
the X-Y change-over circuit 36. The rectangular 

so wave signal B is delivered to the phase detector 
42, while the transmission/receiving change-over 
signal C is delivered to the transmission/receiving 
change-over circuits 34, 35. The receiving timing 
signal D is supplied to the receiving timing change- 

55 over circuit 37. 

Assume here that information for selecting the 
X-direction is being input from the control circuit 30 
to the X-Y change-over circuit 36 and the receiving 
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timing change-over circuit 37. In such a case, the 
sine wave signal E is delivered to the driving circuit 
45 so as to be converted into an equilibrium signal 
which is then delvered to the transmission/receiving 
change-over circuit 34. The transmission/receiving 
change-over circuit 34 is connected to either one of 
the driving circuit 45 and the amplifier 47 in accor- 
dance with the transmission/receiving change-over 
signal C. Therefore, the transmssion/receiving 
change-over circuit 34 delivers to the selection 
circuit 32 a signal F which contains signals of 500 
kH2 issued at every predetermined time T (= 
1/2fk) which is in this case 32 usee. 

The signal F is delivered, through the selection 
circuit 32, to one of the X-direction loop coils 11-i (i 
* 1 , 2, .... 48) of the tablet so that the loop coil 11- 
i produces an electric wave corresponding to the 
signal F. 

If the input pen 20 is held substantially upright 
on the tablet 10, i.e., in a state ready for use, the 
electric wave excites the coil 24 of the input pen 20 
so that a voltage G synchronous with the signal F 
is generated in the tuning circuit 29. 

The subsequent period in which the 500 kHz 
signal of the signal F is absent is the receiving 
period. In this period, the loop coil 11-i is con- 
nected to the amplifier 47 so that the electric wave 
from the loop coil 11-1 is extinguished without delay 
but the induction voltage G gradually attenuates in 
accordance with the loss in the tuning circuit 29. 

The induction voltage G produces an electric 
current which flows through the tuning circuit 29. 
The electric current thus flowing through the coil 24 
generates an electric wave which acts to excite the 
loop coil 11-i connected to the amplifier 47. In 
consequence, a voltage is induced in the loop coil 
11-i by the electric wave issued from the coil 24. 
The induction voltage is delivered by the 
transmission/receiving change-over circuit 34 to the 
amplifier 47 only in the receiving period and is 
amplified by the amplifier 47 so as to become a 
received signal H which is delivered to the receiv- 
ing timing change-over circuit 37, 

The receiving timing change-over circuit 37 
receives either one of the X- or Y-direction selec- 
tion information (X-direction selection information in 
the illustrated case), as well as the receiving timing 
signal D which is materially a signal obtained by 
inverting the transmission/receiving change-over 
signal C. The receiving timing change-over circuit 
37 delivers the received signal H when the signal D 
is of "High" (H) level, whereas, when the receiving 
timing signal D is of "Low" (L) level, the receiving 
timing change-over circuit 37 does not deliver any 
signal. In consequence, a signal I, which is materi- 
ally the same as the received signal H is obtained 
at the output of the received timing change-over 
circuit 37. 



The signal I is delivered to the band-pass filter 
38 which is a ceramic filter having a resonance 
frequency fO. The band-pass filter 38 delivers to 
the detector 39 and also to the phase detectors 41, 
5 42 a signal J having an amplitude corresponding to 
the energy of the component of the signal I having 
the frequency fO. Strictly speaking, several pieces 
of signals I are input to the band-pass filter 38 and 
converged. 

io The signal J input to the detector 39 is de- 
tected and rectified so as to become a signal K 
and is converted by the low-pass filter 40 having a 
sufficiently low cut-off frequency to a D.C. signal L 
having a voltage value which is about half the 

15 amplitude, e.g., Vx, and the thus obtained D.C. 
signal is delivered to the control circuit 30. 

The voltage value Vx of the signal L has a 
dependency on the distance between the input pen 
20 and the loop coil 11-i. More specifically, in the 

20 illustrated embodiment, the voltage value Vx is 
substantially in inverse proportion to the biquadrate 
of the above-mentioned distance. Thus, the voltage 
value Vx changes each time a new loop coil 11-i is 
selected. The control circuit 30 operates to convert 

25 the voltage value Vx obtained for each loop coil 
into a digital value and conducts a later-mentioned 
arithmetic operation on the voltage values Vx ob- 
tained for the respective loop coils, whereby the X- 
direction coordinate input by the input pen 20 is 

30 determined. The Y-coordinate value input by the 
input pen 20 also is determined in the same man- 
ner. 

The phase detectors 41 and 42 are in receipt 
of the rectangular wave signals A and B as detec- 
ts tion signals. If the phase of the signal J is substan- 
tially equal to the phase of the rectangular wave 
signal A, the phase detector 41 delivers a signal 
M1 which is obtained by inverting the signal J to 
the positive side, i.e., a signal materially the same 
40 as the signal K, while the phase detector 42 deliv- 
ers a signal M2 having symmetrical positive and 
negative portions. 

The signal M1 mentioned before is converted 
by a low-pass filter 43 to a D.C. current N1 
45 (substantially the same as the signal L) having a 
voltage value corresponding substantially to 1/2 the 
amplitude of the signal J, i.e., the voltage Vx. The 
D.C. signal N1 is delivered to the control circuit 30. 
On the other hand.the signal M2 is converted by a 
so similar low-pass filter 44 into a D.Csignal N2 and 
thus delivered to the control circuit 30. Since the 
positive and negative components of the signal M2 
from the phase detector 42 are the same, the low- 
pass filter 44 delivers an output of 0 [V]. 
55 The outputs from the low-pass filters 43 and 
44, i.e.. the signals Nl and N2. are converted into 
digital signals by the control circuit 30. An 
arithmetic operation is executed on these digital 
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values in accordance with the following formula (1), 
thereby determining the phase difference e be- 
tween the signals delivered to the phase detectors 
41 and 42, i.e., the difference of the phase between 
the signal J and the rectangular wave signal a in 
the described embodiment. 

e a - tan-HVQ/VP) (1) 

where, VP represents the digital value correspond- 
ing to the output from the low-pass filter 43, while 
VQ represents a digital value corresponding to the 
output of the low-pass filter 44. For instance, in 
case of the signal J mentioned before, the voltage 
values of the signals N1 and N2 are Vx and 0[V]. 
respectively, i.e., the condition of VQ = 0 is met. 
so that the phase difference 0 is determined to be 
e = o\ 

The phase of the signal J varies in response to 
the tuning frequency of the tuning circuit 29 of the 
input pen 20. Namely, when the tuning frequency 
of the tuning circuit 29 coincides with the predeter- 
mined frequency fO. the induction voltage of the 
frequency fO is generated in the tuning circuit both 
in the transmission period and in the receiving 
period. In consequence, an induction current syn- 
chronous with the induction voltage is generated 
and made to flow through the tuning circuit. There- 
fore, the frequency and the phase of the received 
signal H (or I) coincide with those of the rectangu- 
lar wave signal A and, in consequence, the phase 
of the signal J coincides with that of the rectangular 
wave signal A. 

When the tuning frequency of the tuning circuit 
29 does not coincide with a predetermined fre- 
quency fO. e.g., if the frequency is f1 which is 
slightly below the frequency fO. induction voltage of 
the frequency fO is generated in the tuning circuit 
in the signal transmission period. In this period, 
however, the induction current flowing through the 
tuning circuit 29 has a certain phase delay. In the 
signal receiving period, an induction voltage of a 
frequency substantially equal to the frequency f1 
and an induction current substantially synchronous 
with the induction voltage are generated in the 
tuning circuit. In consequence, the frequency of the 
received signal H (or I) is slightly lower than the 
frequency of the rectangular wave signal A and the 
phase of the received signal H (or I) is slightly 
delayed from the phase of the rectangular wave 
signal A. As explained before, the band-pass niter 
38 passes only the frequency fO. Any input signal 
of a frequency lower than fO. therefore, is output 
from this band-pass filter 38 with a phase delay. 
Thus, the phase of the signal J is further delayed 
from the received signal H (or I). 

When the tuning frequency of the tuning circuit 
29 is slightly higher than the predetermined fre- 



quency fO, e.g., f2, an induction voltage of a fre- 
quency fO is generated in the tuning circuit 29 in 
the signal transmission period but the induction 
current generated by this induction voltage has a 

5 phase advance with respect to the phase of the 
voltage. In the signal receiving period, an induction 
voltage of a frequency substantially equal to the 
frequency f2 and a current synchronous with this 
voltage are generated in the tuning circuit. In con- 

w sequence, the received signal H (or I) has a fre- 
quency which is slightly higher than that of the 
rectangular wave signal A and a phase which is 
slightly advanced from the phase of the rectangular 
wave signal A. The frequency offset of the input of 

75 the band-pass filter 38 to higher-frequency side 
appears as a phase advance of the output from this 
band-pass filter, on the contrary to the case of the 
frequency offset to the lower-frequency side. In 
consequence, the phase of the signal J is further 

20 advanced from the received signal H (or I). 

As explained before, the tuning frequency of 
the tuning circuit 29 varies according to the pres- 
sure with which the input pen 20 is pressed against 
the tablet. Therefore, the value Q of the phase 

25 difference determined by the formula (1) also var- 
ies depending on the pen pressure. The described 
embodiment is set such that the phase difference 0 
is about -60* when no pressure is exerted on the 
input pen 20. whereas, when the pen is loaded with 

30 the maximum pressure, the phase difference 6 is 
about 60*. 

A value 40* is added to the phase difference 0 
as determined by the formula (1) so as to be 
changed into phase information, i.e., phase dif- 

35 ference value, which generally ranges between - 
20* and 100*. The thus obtained phase informa- 
tion is delivered to the host computer 49 together 
with the X- and Y-coordinate values. The addition 
of the angular value 40* to the phase difference 

40 may be done by the host computer 49. 

A detailed description will be given hereafter of 
the operations for detecting the coordinate values 
and for detecting the phase information, as well as 
the operation for converting the phase information 

45 into the spread of the coordinate point, with spe- 
cific reference to Figs, 5 to 9. 

The system becomes ready to operate as the 
power of the whole system is turned on. Namely, 
as the power is turned on, the control circuit 30 

50 delivers information for selecting the X-direction to 
the X-Y change-over circuit 36 and to the timing 
change-over circuit 37. At the same time, the con- 
trol circuit 30 delivers to the selection circuit 32 
information for selecting the first loop coil 11-1 of 

55 the X-direction loop coil assembly 1 1 of the tablet 
10. so that the first loop coil 11-1 is selected from 
among the plurality of loop coils 11-1 to 1 1-48 and 
is connected to the transmission/receiving change- 
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over circuit 34. 

The transmission/receiving change-over circuit 
34 operates such as to connect the loop coil 11-1 
alternately to the driving circuit 45 and the amplifier 
47, In accordance with the transmission/receiving 
change-over signal C. Meanwhile, the driving circuit 
45 delivers to the loop coil 11-1 16 pieces of sine 
waves of signal of 500 kHz (see Fig. 6(a)) in the 
transmission period of 32 usee. In Fig. 4, only five 
out of 16 waves is shown for the purpose of clari- 
fication of the drawings. 

The change-over between the transmission and 
receiving is conducted seven times for each loop 
coil, Le., for the loop coil 11-1, as will be seen from 
Fig. 6(b). The time length corresponding to seven 
cycles of change-over between the transmission 
and receiving corresponds to the period (448 usee) 
of selection of one loop coil. 

In consequence, the amplifier 47 outputs an 
induction voltage in each of seven receiving 
periods. As explained before, the induction vol- 
tages are delivered through the receiving timing 
change-over circuit 37 to the band-pass filter 38 so 
as to be averaged. The averaged output from the 
band-pass filter 38 is delivered to the control circuit 
30 via the detector 39, phase detectors 41, 42 and 
low-pass filters 40, 43 and 44. 

The control circuit 30 receives the output of the 
low-pass filter 40 after an A/D conversion and tem- 
porarily stores this input as a detection voltage, 
e.g., Vx1, which has a dependency on the distance 
between the input pen 20 and the loop coil 11-1. 

Subsequently, the control circuit 30 delivers 
information for selecting the loop coil 11-2 to the 
selection circuit 32 so that the second loop coil 11- 
2 is selected and connected to the 
transmission/receiving change-over circuit 34. 
Then, through the same process as that explained 
in connection with the first coil 11-2, a detection 
voltage Vx2 having a dependency on the distance 
between the input pen 20 and the loop coil 11-2 is 
determined and stored. The described operation is 
conducted repeatedly to connect successive loop 
coils 11-3 to 11-48 to the transmission/receiving 
change-over circuit 34, whereby detection voltages 
Vx1 to Vx48 corresponding to the X-direction dis- 
tances between the input pen 20 and the respec- 
tive loop coils are determined and stored as shown 
in Fig. 6(c). 

Actually, however, the detection voltages ap- 
pear only in several loop coils on each side of the 
position xp of the pen 20, as will be seen from Fig. 
7. 

The control circuit 30 conducts a check as to 
whether the values of the detection voltages stored 
as described above exceed a predetermined detec- 
tion threshold level or not. If the predetermined 
detection threshold level is not reached, the control 



circuit 30 operates so as to repeat the selection of 
the X-direction loop coils and detection of voltages. 
If the threshold level is reached, however, the pro- 
cess proceeds to a next step. 

5 Namely.the control circuit 30 operates to de- 
liver information for selecting the Y-direction to the 
X-Y change-over circuit 36 and the receiving timing 
change-over circuit 37 so that the selection circuit 
and the transmission/receiving change-over circuit 

10 are switched in the same manner as that described 
in connection with the operation in the X-direction 
position detection. Thus, the control circuit 30 tem- 
porarily stores the detection voltages correspond- 
ing to the distances between the respective Y- 

T5 direction loop coils 12-1 to 12-48 and the input pen 
20 as obtained through A/D conversion of the out- 
put from the low-pass filter 40 produced through 
the exchange of electric waves. Subsequently, a 
level check is executed to determine whether a 

20 predetermined detection threshold level is reached. 
When the detection threshold level is not reached, 
the operation is repeated to select successive Y- 
direction loop coils and to detect the voltages. If 
the predetermined detection threshold level is 

25 reached, however, the process proceeds to a next 
step to compute the X- and Y-coordinate values of 
the position of the input pen 20. 

Subsequently, the control circuit 30 delivers to 
the selection circuit 32 (or selection circuit 33) to 

30 enable the selection of the X-direction loop coil (or 
Y-direction loop coil) which has exhibited the high- 
est detection voltage from among the plurality of X- 
direction coils 11-1 to 11-48 (or Y-direction loop 
coils 12-1 to 12-48). Such loop coil which has 

35 exhibited the highest detection voltage will be re- 
ferred to as a "peak coir, so as to conduct the 
transmission and receiving of the electric waves 
with this peak coil seven times as explained before 
and executes A/D conversion of the outputs de- 

40 rived from the low-pass filters 43 and 44, thereby 
to compute the phase difference e in the manner 
explained before. 

Then, the aforementioned angular value of 40 " 
is added to the phase difference 6 so that phase 

45 information is formed which is transmitted to the 
host computer 49 together with the X- and Y- 
direction coordinate values of the position of the 
input pen 20 which have been determined as de- 
scribed before. 

so The first cycle of operation for detecting the 
coordinate values of the pen position and for de- 
tecting the phase difference is thus completed. 
Then, the control circuit 30 conducts second and 
subsequent operation cycles, as will be explained 

55 hereafter with reference to Fig. 8. Namely, the 
control circuit 30 delivers to the selection circuit 32 
an information for selecting a predetermined num- 
ber of X-direction loop coils, e.g.. 10 coils, centered 
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at the peak loop coil mentioned before, from 
among the X-direction loop coils 11-1 to 11-48. 
Similarly, the control circuit 30 delivers to the se- 
lection circuit 33 an information for selecting a 
predetermined number of X-direction loop coil, e.g., 
10 coils, centered at the peak loop coil mentioned 
before, from among the X-direction loop coils 12-1 
to 12-48. In consequence, the detection of the X- 
and Y-direction coordinate values of the input pen 
20, as well as the detection of the phase difference, 
is conducted for these 10 loop coils in the same 
manner as that described before, so that coordi- 
nate value and the phase information are obtained 
and transmitted to the host computer 49. The cir- 
cuit 30 then repeats the described operation. 

The level checking operation explained before 
includes an operation for checking whether the 
maximum value of the detection voltages has 
reached the predetermined detection threshold lev- 
el and an operation for detecting the peak loop coil 
which has exhibited the highest detection voltage. 
If the detection threshold level is not reached, the 
subsequent operation such as the computation of 
the coordinate values is inhibited. The level check- 
ing operation also includes an operation for setting 
the center of the group of the loop coils which are 
to be selected in the next cycle of coordinate- 
position and phase detecting operation. 

The detection of the X-and Y-direction coordi- 
nate values of a point, e.g.,coordinate values xp. 
can be conducted by various methods. For in- 
stance, it is possible to determine the coordinate 
values drawing a curve by plotting the detection 
voltages exhibited by the successive loop coils, 
approximating the portion of the curve near the 
peak by a suitable function, and arithmetically de- 
termining the coordinate of the maximum value of 
the function. 

For instance, referring to Fig. 6(c), the maxi- 
mum value Vx3 of the detection voltage and the 
voltages Vx2 and Vx4 on both sides of the maxi- 
mum voltage Vx3 are approximated by a quadratic 
function. In such a case, the coordinate value xp of 
the input pen 20 can be determined as follows. 

The following formulae are derived from the 
relationships between the voltages and the coordi- 
nate values. 

Vx2 = a(x2 - xp) 2 + b (2) 
Vx3 = a(x3 - xp) 2 + b (3) 
Vx4 = a(x4 - xp) 2 + b (4) 

where, x1 to x48 represent the coordinate values of 
the centers of the loop coils 11-1 to 11-48, while 
Ax represents the pitch of these centers. Symbols 
a and b represent constants where a meets the 
condition of (a<0). 

The following conditions also are established. 



x3 - x2 = Ax (5) 
x4-x2=2Ax (6) 

s The formulae (5) and (6) are substituted in 
formulae (3) and (4) so that the following condition 
is derived. 

xp = x2 + Ax /2{3Vx2 - 4Vx3 + Vx4)/(Vx2 - 2Vx3 
W + Vx4)} (7) 

It is therefore possible to determine the coordi- 
nate value xp of the position of the input pen 20, 
by extracting, from the group of detection voltages 

r5 Vxl to Vx48, the maximum detection voltage and 
the voltages detected from the loop coils on both 
sides of the coil from which the maximum voltage 
has been detected, and executing the computation 
of the formula (7) by using these voltage values 

20 and the coordinate value (known) of the loop coil 
which is immediately before the coil from which the 
maximum voltage has been detected. 

The host computer 49 operates in accordance 
with the flow chart shown in Fig. 9 and stores, as 

25 effective data, only the data which contain the 
phase information of not smaller than 1* . The host 
computer 49 then converts the phase information 
into an information concerning the spread of the 
coordinate point, e.g. .into a circle of a diameter 

30 proportional to the coordinate information. The host 
computer 49 then scribes an image of the circle 
having the above-mentioned diameter in the coordi- 
nate position of the X- and Y-coordinate values on 
an image memory which is not shown.and displays 

35 the image of the circle on the display device 50. 

The above-described operation is repeated as 
long as the data transfer from the control circuit is 
continued. Therefore, as the user moves the input 
pen 20 while varying the contact pressure, images 

40 of circles having various diameters are arrayed 
along the locus 60 of the coordinate point as shown 
in Fig. 10. whereby an image similar to that drawn 
by a Japanese pen can be obtained. It Is possible 
to produce a hard copy of the thus obtained image 

45 by means of an output device 51 . An example of 
the output from the output device 51 is shown in 
Fig. 11(a). By executing a process for blackening 
or inking the circles, it is possible to obtain an 
output which more closely simulates the touch of a 

so Japanese pen. 

Another embodiment of the input pen 20 in 
accordance with the present invention will be de- 
scribed with reference to Figs. 12 and 13 in which 
the same reference numerals are used to denote 

55 the same parts or members as those in the preced- 
ing embodiment. 

Referring to Fig. 12, an input pen 20 has a pen 
holder or a shaft 21 made from a non-metallic 



9 



17 



EP 0 307 667 A2 



18 



material such as a synthetic resin, a core 22 having 
ferrite tips 23 and 23, a coil 24 wound on a ferrite 
core 25 having a central aperture which stidably 
receives the core 22, a core holder 26 which holds 
the rear end of the core 22, a spring 27 which 
supports the core 22 in such a manner as to allow 
a slight displacement of the core holder 26 with 
respect to the shaft 21 .and a coil 24 and a capaci- 
tor 28. 

The coil 24 and the capacitor 28 are connected 
in series to each other so as to form a tuning 
circuit 29 known per se. The inductance of the coil 
24 and the capacitance of the capacitor 28 are so 
determined that the tuning frequency (resonance 
frequency) of the tuning circuit is substantially 
equal to a predetermined frequency fO. The ar- 
rangement is such that the ferrite tips 23 and 23' 
on the core 22 held by the core holder 26 are 
located at positions confronting both ends of the 
coil 24. When the user manipulates the input pen 
20 on the tablet 10 while varying the pen contact 
pressure, the ferrite tips 23 and 23' are displaced 
in accordance with the change in the pen pressure 
so that the inductance of the coil 24 is changed 
with the result that the tuning frequency of the 
tuning circuit 29 is slightly changed. 

Rg. 13 illustrates in detail the positional rela- 
tionship between the ferrite chips 23, 23' and the 
coil 24. More specifically, Fig. 13(a) illustrates the 
state In which no pressure is applied to the core 22 
of the input pen 20. In this state, about 2/3 of the 
whole length of the ferrite tip 23 is received in the 
coil 24, i.e., in the aperture of the core 25, with the 
remaining 1/3 exposed outside the coil 24. Mean- 
while, the ferrite tip 23' is wholly exposed outside 
the coil 24 with its one end placed in contact with 
the adjacent end of the coil 24. Fig. 13(b) illustrates 
the state in which the core 22 has been fully 
displaced by the pressure applied to the pen. In 
this state, the ferrite tip 23 is wholly received in the 
coil 24, while the ferrite tip 23 is positioned such 
that Its end Is spaced apart from the end of the coil 
24 by the amount corresponding to the amount of 
displacement Needles to say, the numerical values 
or dimensions shown in the drawings are only 
illustrative and may be varied as desired. 

In this embodiment, a greater amount of 
change in the coil inductance can be obtained as 
compared with the input pen of the preceding 
embodiment, by virtue of the provision of the cou- 
ple of ferrite chips. More specifically, this embodi- 
ment of the input pen can provide a dynamic range 
of the phase which is about 1 .5 to 2 times as large 
as that obtained with the input pen of the preceding 
embodiment which has only one ferrite tip 23. 

Although the invention has been described 
through specific terms, it is to be understood that 
the described embodiments are only illustrative 



and various changes and modifications maybe Im- 
parted thereto. 

For instance, the numbers and the arrange- 
ments of the loop coils in the described embodi- 

s ments are not exclusive and may be varied. It is 
also possible to design, by adopting a suitable 
program in the host computer the coordinate input 
system of the present invention such that the host 
computer converts the information concerning the 

10 change in the pen contact pressure into any de- 
sired kind of information, although the described 
embodiment is designed to convert the pressure 
information into size of the coordinate point. For 
instance, it is possible to design the coordinate 

75 input system of the present invention such that a 
change is caused in the hue or brightness at an 
appointed coordinate point or area in accordance 
with the pressure at which the input pen is pressed 
against the tablet. Thus, the present invention finds 

20 -spreading use in the fields of computer-aided 
graphical and other designs. 

Claims 

25 

1. A coordinate input system comprising: 
a tablet (10) composed of an X-direction loop coil 
assembly (11) having a multiplicity of loop coils 

(11-1 11-48) arranged In a side-by-side fashion in 

30 an X-direction, and a Y-direction loop coil assembly 

(12) having a multiplicity of loop coils (12-1 12- 

48) arranged in a side-by-side fashion in a Y- 
direction; 

an input pen (20) having a tuning circuit (29) de- 
35 signed such that the tuning frequency of said tun- 
ing circuit is varied around a predetermined central 
frequency (fO) in accordance with the pressure with 
which said input pen contacts said tablet; 
X-direction selection means (32) for successively 
40 selecting one of the loop coils of said X-direction 
loop coil assembly; 

Y-direction selection means (33) for successively 
selecting one of the loop coils of said X-direction 
loop coil assembly; 
45 signal generating means (31) for generating an A.C. 
signal of a frequency equal to said predetermined 
frequency; 

signal detection means (38) for detecting the A.C. 
signal of said predetermined frequency; 

so connection change-over means (34,35,36,37) for al- 
ternately connecting said signal generating means 
and said signal detection means successively to 
said loop coils of X- and Y-direction loop coil 
assemblies selected by said X- and Y-direction 

55 selection means; 

coordinate detection means (30,39) for determining 
the X- and Y-coordinate values of the point des- 
ignated by said input pen in accordance with the 
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A.C. signals detected from said X- and Y-direction 
loop coits by said signal detection means; 
phase detection means (41,42,43.44) for detect- 
ings a change in the phase with respect to the 
phase of the tuning frequency, the change in the 5 
tuning frequency of said tuning circuit of said input 
pen in accordance with the A.C. signals detected 
by said signal detection means; and 
information computing means (49) for computing 
information concerning the coordinate point and to 
proportional to the pressure of the input pen. 

2. A coordinate input system according to 
Claim 1, wherein said information concerning said 
coordinate point is information concerning the 
spread of said coordinate point. 75 

3. A coordinate input system according to 
Claim 1, wherein said information concerning said 
coordinate point is at least one of hue and bright- 
ness of said coordinate point or an area defined by 

a plurality of coordinate points. 20 

4. An input pen (20) for use in a coordinate 
input system comprising a tuning circuit (29) in- 
cluding at least a coil (24) and a capacitor (28), the 
tuning frequency of said tuning circuit being vari- 
able around the predetermined central frequency 25 
(fO) according to the pressure at which said input 

pen is pressed. 

5. An input pen for a coordinate input system, 
comprising: a stem (21); a core (22) received in 

said stem and slightly displaceable and resettable 30 
in the axial direction of said stem; a coil (24) 
movably receiving said core; a capacitor (28) con- 
nected to said coil; and a ferrite tip (23) provided 
on a portion of said core corresponding to an end 
of said coiL 35 

6. An input pen for a coordinate input system, 
comprising: a stem (21); a core (22) received in 
said stem and slightly displaceable and resettable 
in the axial direction of said stem; a coil (24) 
movably receiving said core; a capacitor (28) con- 40 
nected to said coil; and ferrite tips (23,23 ) pro- 
vided on portions of said core corresponding to 
both ends of said coil. 
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